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ABSTRACT : 

PURPOSE: To provide an FET wherein good ohmic contact 
can be farmed by 

nonalloy by reducing a contact resistance through an InAlAs 
layer without 

lowering sheet carrier concentration in an InAlAs/ InGaAs 
hetero junction FET. 

CONSTITUTION: A lamination structure of a nondoped 
InAlAs buffer layer, a 

nondoped InGaAs channel layer 2 wherein two-dimensional 
electron gas is stored, 

InAlAs electron supply layers 3, 4, 5 including an n-type 
layer, a nondoped 

InAlAs Schottky layer (S^, a first cap layer 7 of n-type 
InAlAs', a second cap 

layer 8 and a third cap layer 9 of n-type InGaAs is formed 
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on a semiinsulating 

InP substrate 10. If nondoped Inlays or n-type In(AlGa)As 
is adopted for the 

second cap layer 8, potential barrier in a cap layer 
interface lowers and 

contact resistivity between a gap layer and a channel layer 
can be reduced to a 

10<SP>-7</SP>Ω cm<SP>2</SP> mark . 
COPYRIGHT: (C) 1996 , JPO 
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[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the heterojunction field-effect transistor 
(it abbreviates to FET Field-Effect Transistor and the following) applied to a millimeter 
wave microwave transceiver system or a high-speed digital circuit. 
[0002] 

[Description of the Prior Art] Drawing 9 is structural drawing of heterojunction FET by 
the Prior art. such heterojunction FET ~ Akasaki and others [ for example, ] (T. Akazaki) 
- the [U.S. electrical-and-electric-equipment electronic engineer society (IEEE) electron 
device Letters (ElectronDevice Lett.) and ] - it is reported in EDL-13 volume, 325 pages, 
and 1992 

[0003] In drawing 10 A half-insulation (it abbreviates to Semi-insulating and following 
S.I.) InP substrate, The non dope InAlAs layer from which 91 constitutes a buffer layer, 
the non dope InGaAs layer fi-om which 92 constitutes a channel layer, The non dope 
InAlAs layer fi*om which 93 constitutes a spacer layer, and 94 Si planar dope layer, The n 
form InAlAs layer from which 95 constitutes an electronic supply layer, the non dope 
InAlAs layer from which 96 constitutes a Schottky layer, and 97 and 99 are cap layers, 
and it is respectively constituted by the n form InAlAs layer and the n form InGaAs layer. 
On the n form InGaAs cap layer 99, source electrode 1 IS and drain electrode 1 ID is 
formed of vacuum evaporationo, and ohm nature contact in the channel layer 92 is taken. 
Moreover, the gate electrode 12 is formed of vacuum evaporationo on the Schottky layer 
96 front face exposed to the field inserted into source electrode 1 IS and drain electrode 

1 ID by carrying outet^hjng removal of AIMLofe^ 

[0004] The conduction band profile between the n form InGaAs cap layer 99 of such 
heterojunction FET and the non dope InAlAs buffer layer 91 is shown in di'awing 10 . In 
such heterojunction FET, since it has the n form InAlAs layer 97 between the non dope 
InAlAs Schottky layer 96 and the n form InGaAs cap layer 99 and the potential barrier 
accompanying the conduction band discontinuity in a cap layer interface becomes a 
parabolic, it is possible for the tunnel current which efficiency barrier thickness was 
reduced compared with the case where the n-InGaAs layer 99 is formed in contact with 
the non dope InAlAs layer 96, and minded the InAlAs layer to become easy to flow, and 
to take ohmic contact with a non alloy. 
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(5« '\5^na^JBSi«h^>i?X3^ 

[aWl I nA 1 As/I nGaAs^CTKsxng^g- 
I nAI Asfl^^LfcftgMfiiSrffiML. yyT 

nA I Asy\^y7r«. i:iJC7C«^;yx*^^$ix^y 

yK-n nGaAs^^:t-;^S2. n^gflSr-iS-tf I n 
AIAsm^i&S3. 4, 5. yyK-rinAlA 
si^a b^— jl6. njgl nA TasCOIS— CO^r^^y 
^ZcO^-V^yraS. njgl nGaAsfO^H 

^o^^^yr«9coa««jgfci-s. mucD^^^yrms 

izyyV-yi nCaAs^/^finJ^I n (A 1 Ga) 
AsSrSffltixJf. ^'V'^yrSl^ffl"C^?K'ry>'^;^>'^' 
'J^*^®TL^r^ 'yrat-^^^fyPS^^Oi^lJKtrL^S: 




3^- 6WnAlA»5w Ml 
3:l-lnAlA8^H8l 



1 

A 1 AsA.y7r«. ~WiMrF/f:^iJ^Wm^ti6yy 
H-ri nGaAsf-v;^;H. i!'"^< i: t>-l<^nJB 

mi:-^ttinAiAsWrmi^m. yyK-rinAi 
A s V 3 -y h^^-a, -v -/ rmij^mm&^tvkf^m 

tglE^itTBllfEy y K-r I n A 1 A s 3 y 

m<OnmM^-^tS I n A 1 A s*»4>^:6^— CO^^ 

y>F-ri nGaAs*»f>^i.m~60=JfA'-yr 
®, njgl nGaAs*>/i,^«)l|H<0^A'<yTB<^8fS 

a^^tfl nAl AsS^fltJ&a, yyb'-rinAl 

A s 5^ 3 y b^-Ji. A- -/ rmi^fmm&^tif:it^m 

'^raflljgfc. |ine='r^-yrJlfc«S!lrt4y-X«|gt> 

tSlE^nTmlEy >' K-r InAlAsv3>yhdf-a 

h7:xv'X:?rS)-:>T, BaE^^ yr«*«^j'-^r<i:*,— 
m<^nmMi-^tS I n A 1 A s A»/?>^:SI|— tO^A- yT 
njgl n (A 1, Gai-y ) As (0<y<l ) 3&» 
ii>^i>m~(^^'yrm. nmi nGa.Asipi:,^^m 

A 1 As^N'-y^rS. Z<ji5cS^XfX**^$fl.6/>- 
V-yi nGaAsf-v^/Wfl. i!'-^r< fc t>-e«0njg 
SS^^tf I nA 1 Asflli=^J&B. yyF-rinAl 

A s 3 >y h^-m. -y rmifimsm^^iua^m 

^xolgjSf:. KfE^^-yTfltmtSy-xmtJ 
{CS^^fLTffiiB/ y Y-r I n A 1 A s V 3 >y hdf-S 

fliOnJg^^^tf I nA 1 A s*»/o^l.|g— iO^-V >y7* 
®, njgl n (A 1, Gai-y ) As1)^t,ts:hmZ.ffy^ 
^>yra, njgl nGaAs*»/^>^SmZ«O^A' yr« 

mmimxhh h^\.zmiM,z.<r>^-^ <yr«<^A i a 

J±fi£lg-tfO^^ •yT^A-^>BuE^HO^^ -yT 

«trfii*- 3 fcfttc 1 3{p^> 0 tis^-r ^ C: i: ^!|tSi 



(2) !^m^8-5 5 9 79 

2 

[000 11 

SIW5&*h7>>^X:J' (Fi e 1 d-Ef f ect T 
ransistor. OT. FETtBg-tS ) fcWT 

[0002] 

[fia«0S«] S9Ji1^*<^*afftcJ:&'vxnS^FE 
TcOfiMTfeS. ^cOid^T'vxog^FETJi, W 
10 JtJf. (T. Akazak i ) ii>{C:J:-5T*fflm^ 
€^«^B^^^ (lEEE)x^^'hny - t^nM x ■ 

— X ( E 1 e c t r o n D e V i c e Let 
t. ) . IIEDL-1 3 2 19 92^t« 

[00031 0fc:feV^-C. 1 0{±i|i»igtt (Semi- 
i nsu 1 at i ng. JJITS. I. tB&-fS) InP 
mS.. 91«A'.y7rSSrfil^SyyH-ri nAl 
AsS. 9 2«f-^*;l'®?r18jS-rsyi^K-ri nG 

aAsfl. 9 3^ix'^-^^«^«s:-rsyyF-TI n 

20 Al AsB. 9 4JiS iri^-^H-ra, 9 5{ili^ 
fl»&e^«^'6n?Bl nAl As®. 9^\tl/^yY 
^-®5:S^-t*yvK-TI nA 1 As«. 9 7i:9 
9«^-V"yr«T*>0#'<?nJgI nAl Asl. njgl 
-n GaA-satCi-?TlS^$ixT-Vv|,. nj^ l nGaA " 

sdf^.yra99±tcjiy-xmflgi isfc Yv-ivn 

-ig|55-x-yf-y;m*LT@aj3iTJti^3 -y h^-«9 
30 6«ffl±(c^^'- 1 2*5||«t: J: 0»«2itTV^ 

[00041 <lcOj:3=S:'^Tng!^FET6On0I nG 
aAs^-V'-y7"«9 9i:yyH-7'I nA 1 As-'N'y7 
r®9 l<^rat:i5ttl)«^^n7T^;Hr01 Otc* 
•r. C:<Oj:3=5rA.irP^FETTJi>yH-ri nA 
1 Asv-a 'y h=Sf-S9 6fcn}^I nGaA s=^r-\' yT 
« 9 9i0iafc: n I n A 1 A s « 9 7 Jr^Tf S^tS^^-^- 
•y TS^ffifcfcftSe^^^fcff 5 .-K7^>->'^;l'>'N* 
y -WlfeifeSHiefc^r* ita6. yyF-r inAiAs® 
40 96t:«L-rn-I nGaAsS99$-}g^t!tJ^i: 
Jt^Tl^fl«F5:^<y-VJ?§*«®«3ixI nA 1 As«^ 

>y ^'«Ji!l!2: 1 1, i t **^ig-C*>l. . 
[00051 

fif^FET-CJin-I nGaAs/n-I nAl As~ 

mmm:^-^h^-^ -y r^i&igfts ^ fc t i -?-cy yr 

o>f3j--5-y^'ifMi&?g«T'i=!t. L*-L**>'^>. In 
A 1 A s/ I nGa A s's.xD^fflfcfcft^g^l^ 
50 i^^O. 5eVt:«c#V^3t*^, InAlAsa97fc 
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I nGaAs®9 9iOWffit:Kx>'v-v;l'Al>-\'*sjg^ 
§tL, ^^r'yrm-^^^)l'MW\f^mimi^ (PC ) 

rB^:^-th^^om^FET<7ymm.t!L (Rc ) in-* 

Rc = { rs PC ) 5 c o t h ( d/Lr 
ZZT. dimmcoS:^. Lt s (PC /rs ) "-s 

<0-C. Rc ^ (rs PC ) «-5 fc^S. -eiifes 3r-$ 
•y^€SKt>lt&Pc coiiJinliRc <OJi:*ct-?^:*«0. 

y-xfiSi. HW'>fi«*5Jft*:LTm:»)f«m^^jg lo 

[ 0 0 0 7 1 *jiBB<0BWI4. InAlAs/InGa 
[00081 

ttl nPSK±{C. yyH-n nA 1 AsyN'>/7r 20 
a, z:<}5cS^;<fX*s^S*l|.yyK-TI nGaA 
s^^:^^;!^^. ii'-^<i:t)-a«0n}gl^^tfl nA 1 
Asm^ffi*&«s yyH-ri nAl Asi^a >y hdf- 

t. mv-xm&axt/vu^ ym&izmitixmmy 

y\i-ri nAl Asi/a yh^f-KCg^&y-h 

I nA 1 As3&>(i>^S|g— c7)^^>yT«. y>-K— TI 30 
nGaAs*»f,^S||r£Odf-V"yra. nJglnGaA 

[ 0 0 0 9 1 . m&m I n P»R±fc. H- 
n nA 1 AsA.y7Tl. Z:<jC7CS^;<fX*«^$<X 
S/yH-ri nGaAs^-v:t.;H. 'J^^<ti>-m 
ff)nmmi:^tsl nAl Asm^^S. y:^K-7-I 
n A I A s 3 «y h^-M. '/rmtmim^^tl 40 

yt^a/\rDisjik. tm^^'yrmiznmctiv-x 

:^BffifcgiEinT i^y y H-r I n A 1 A s >- 3 >y h 

k t>— fl£7)njgg$-irtfl nA 1 As*^<i>^:l.m— 
^•yr^. nJBl n (A 1, Gai-, ) As (0<y< 
1 ) iP^^i>m~<0^^ yTm. njgl oGaAsi^/i, 



[0006] 



) kpc ?rfflv^r»:oJ: p 



) (1) 
58 [00 10] ^N^itti nprnn-iz. yyv 

-r I nA 1 As^N' >y7r®, Ziji^cB^;^^*^^? 
/il)^ yH-r I nGaA s^^;*^;H. iJ'-^:<i:t>- 
SconjglSr^trinAi AsSi^S. yyY-r 
I n A 1 A s 3 -y h^-S. -v -yrSAiirijiag^^^ 

tvf::m^Trimmt . tm^^ 'yrmizmm-?>v- 

-< ymffitCfilE^it'C luS/ > H-r I n A 1 A s V 3 y 

h^-mizimtty-hm^t ^Mm?>^T\:im^ 

<kt— BcOnJga^^tf I nA 1 As*>^,^:l)|^— <0 
=^-v>yrB. njgl n (A U Gai-,) Astf^^^i, 
^HcO^-V'-yTW. njgl nGaAs*>^>^rSIIH<?D=3f 

^ -y r«««JiflBs-cfci. kftfciirs^zKo^A' yrm 

(OA 1 ffl^yJilaEm-^^^ ■yr«*-<i>Bii£mH<0 
^A- yratlSji-a kftfc 1 *»^> 0 1^/? 

(mmiz^Lxi,j:\^L. mmizm-Lxhx 

[0011] 

mzmt'koXo^z^J:&t. mism:^wmm 

^iZ^i>Zkimt^tlX\>'^^. njgl nGaAsTtt^ 

A 1 Asa9 7fc:^LTn}gI nGaAs^99*^ft 
^.ititlalJRO^T'ngf^FET-CJi. nJglnGaAs 
B9 9cOnJgI nA 1 A s g 9 7 k cO^xO^raS^t 
S^#SW*gg«$tLt:t>. njgl nGaAs«99fc 

'<Jk6«tf->^'SilT>'^>H)^ft3!)*/h$<. nJglnA 
1 As«9 7ttJ»t5;KT>'i^^;WN'y-W-Hi-KI^T 

[00 12] ^^r, *5SMB-C«nJgI nA 1 Asli9 
7 (m-<0^^ yrJi) kn)gl nGaAse9 9 
HcTjdf-A' yrfl) kcO^fflt/yK-ri nGaAs;^ 

I n G a A s X'^— 9-®t}JtC<±m^^ra*«»^$ilS 

"^(OWfipmSi^ti^ InAlAse^:frL)tb y 
ffig£*»'gai^<^:l., yyh'-TI nGaAs;:?.'<— *f 
awlUSk LTtiS^^^Sfflc^^ffSiS ( 3nm~l 0 
nil) il('mx\ mzmtt<li5m]il±8nttiikTXhtl 
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[00 13] tti. *f6BB-C«nJgI nAl Asji97 
(fS-<7)^-V yrm) bnmi nGaAs^-wrSQ 

(Aly Gai , ) AsS (0<y<l ) (IgZc^^A- 

>yra) iinx-ti. AittjfittyfcLT. MtatL 

<ttO. 4JjLhO. eWTTfetHJiV^. In (AIG 
a) Astil nA 1 AsJ:'5m^aft**»'/h$<, In 
GaAsiOmi'iSft^JJtl^W^^V^O-C. dfA- yT-ffl^ffl 
icJBlS^tiS^^XMM <^r-5•C.-^^T>'i^-v 
[00 14] Ht. m~m^yrmi:nmi n (A 1 
y Gai-y ) Astt^^^P-f-f •yKSfcUT. ^-O 
-v -y rS*»/i>l|HO^^ >y raCiti]*' d C t Jt*«-5T 
A 1 afifeifcyS: Ofc^^fc (^W^/diSPg 
fc:^^^^:T<>J:v\ iKTrm^liZli. inAlAs 
I nGaAs«i7)|afc:g^X^\->f^'*vl5Rt-fr^. 

[00 15] 

[Ili&0>|] 20 
( H-iOllSfefi?!! ) a 1 «*^BHt j; S'^xoft-g-F E T * 



s. I. inPmL. iw<'yyrmimm-hyy]^ 

-r I nA 1 As®. 2t±f-V^;l^fl$-18^-rSy>K 
-TInGaAsl. 3tiX'«^— !^®^18^-rsy y F 
-TlnAlAsS. 4iiS izrU—ri^-rm. 5ii 

8. 9{±^^' yr®-Cj>0. #^nJgInAl Asl 
(m— <O^E-v yr«) . yy^-Tl nGaAs® 
-c7)df-\'-yrffl) . nBl nGaAsS (IgHcO^A' y 

ri) fcj:-ori8^$ns. iis. iid. i2J±# 
t&mcnmntnminAiAs^^'yrmibnmi n 

GaAs^-V>y7"®9<?)*fflt/yH-n nGaAs 

[0016] .rwj: d ^r'^xog^F ETJiJjlTWi 3 
K:LTfm2:fl.l.. (100) S. I. InPffiRlO 
±izmx.i£. imiXlf^'^fJ^^;!^ (Mo l ecu l a 
rBeam E p i t a xy , JJITMBE t BS-fS ) ^ 



/yH-ri nA 1 As^l 
y>K-n nGaAsl2 

/yH-ri nA 1 As®3 

S i rC—^K-rm (j^-hj8S5Xl OiVcin^ ) 
nminA\Asm5(^imm2XlO^^/cufi ) 
jyY-ri nA 1 As®6 

nJgInAlAs«7 (^iBsS^S X 1 Ois/ctf ) 
y^H— n nGaAsSS 

nJgInGaAsa9 (^ttiBoilSS X 1 O's/cma ) 



•2 0 0nii, 
•4 Onm. 
•3nai. 



[00 17]<}CC, njgl nGaAs®9±t:0«i.JfA 

u G e /N i /A u^j:}£0)^mimm-t^ fc {cj: o y 

-;^«ffil ISk H^>f>«fiil ID^Jg^S, 3<i> 

tc. y-x«ffii iskHW'fymfiii iDtci-p-cS^ 

t*T^ffl«tC{±. 0llx.{f . B^^h'-A (Electro 
n Beam. JUTEBkBS-rS ) SJfcSfcJ: 

h^'N'^ y * VJ^:? i: UTxe^J'df i'-vyPS^T)— 
gPiSrx y ^^*-r S ^1 fc t <k 0 / y K-T- 1 n A 1 
Asee^lii&^ajL. fia|;i{fTi/Pt/Au^k'<7) 40 
^R?:^«-tS C: 1 1 i -?T bSffi 1 2 SrJ^j£-r 
vlcOi^fcLT. 01c7)J;d^'V7^og^FET*J 

[00 18] 02ti*||itf?i«^n®I nGaAs=^f^ y 

ra9kyyK-7"i nA 1 Asf<iyyrmi<rmizii 

^J:3t:. yyK-n nGaAs^S (m~<7)4f^ 



• 1 5niD. 
•2 0nm. 
•2 0nm. 
■5nm. 
•2 0niii. 

•)S$y>'^;Uv\'U-Vc7)KT*«B&S§ii5. ^(m^. %-<r> 
^^•yr«c04!|V«<0A.xnS^FET (^) tJt 
I nA 1 AsaS-:ft-t^hy:f;l'mS£3&5z&h^<^: 

[0019] H3j±*iiiiWtc;tjv^T. n-co^^ yr 
1 7 c7)ig)i^^;t.fe k # co^ffltfetti. y y r gftt 
j^j^ (PC ) <^^bs-arr (uta) . m:^mjt<r> 

lilgZLO^-V- >y7-«cO«|V^tae*St»tCi5V^t: njg I n A 
1 As«9 7cO)UlSr^;i:ti:§co|g:i|-CJ>S. H-O 
=^^-yra«0|gff (tn ) (^ItSnk^tCPc *«i!£«3 

tn *fl0niiiULhT{i-^ttlCfi6Srr5, pc <Oft 
>VmtWkWkr:\i\ . 4 x l O-eficm* T&ofccO 
3&«. *%HHt<J:<l{f 9 . OxlO-7Qcni2 t*!j3 5%i£ 
TLTV^S. — ^r, yyK-n nGa.As^^%)Vm 

-ffctc^^LTaff-^tifiytrit (~3. 6X1 O^Vc 

) . x-hsta: (rs ) {±w«JiT';5jari^^fc^: 



5. c:ii^.c7)ik*>f>. *IISfi0II-C«rs S-JiJn$ii:S 
^k^:<yyrD>f3r-5-y:7«ttfctJ(tSpc 5-1 
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[0020] (m-cnmmm 04«*iSHg{c i s'^x 

T. lOas. I. I nPSK. 4 1JiM'«y7rS2rfil 
^fl.^'^'K-T'I nA 1 As®, 4 2li^^:f;Pa5- 

S«l^-tS>'>'K-n nA 1 Asl. 44JiSirP 
— ^H-r«. 4 5J±m^l&«?:««^SnJgI nA 



lAs®. 46Jii/-a 
I nA lAsM. 47 



* *). nj^l nA 1 As® (Ig— >y 7*® ) , n 
min (A IGa) As® (m~«04E-^ .yT® ) , njg 
I nGaAs® (mE.(7)^^-yTm) tzXrfXm&^tl 
lis. IID. 1 2Ji#>5ry-xmS. KWy 

m®. hmffiT-fcs . ^^^mffymiinm i n a 

1 As^^-yrm47 tnmi nGaAs^A'>yr®4 
9cOlfffitnJgI n ( A 1 Ga) As4'ISfflf£®4 85: 

[ 0 0 2 1 1 iOj; a ^:A.xogf-^F E TtimT<^i 5 
tLTf^^itS. (100) S. I. InPa«10 

■••200nB, 
■••4 0nB. 
•••3nin, 



yh^-mimm-hyyv-r lo 

.4 8. 4 9{idf-v-yra-eS> * 
yyV~n nAl AsS4 1 
yyV-ri nGaAsa42 
yyH-ri nAl Asa43 
S iri'— ^K-7•®4 4 (v—hjggS X 1 0^ Vein* ) 
njgl nAl As®4 5 (^*fi!|lnaS2X10i8/ciD3 ) -15na. 
yyH— n nAl As®46 ■ -200111. 

n?gInAlAsa4 7 (^WHtsM^SXlO^^/ce? ) -2 0nm. 
nj^l n (Alo.5 Gao.5 ) As®48 X 1 /caP ) 

•Sran. 

nJgInGaAsa4 9 (^!|*WgJS5 X 1 0 i^/ctf ) ■20nii. 



[0022] »:tC. njgl nGaAs«4 9±fc08x.tf 
A^u G_e /N i /A ii^^ri: O^feMtltt-Ai-tt: - 

v-y^w& 1 1 Si: Kv-f ymm 1 1 d * jgfig-rs . $ 
ii>fc, y-xm«ii istKi'^fymffii iDCioT 

S:X yf-ym*-rsc:fct:i'9/:^K-7"i nA i a 
sS4 6«M2rSaiL. 0IIitfTi/Pt/Au5:t'«O 30 

^^is»r s ^ t izx-yxy- httffi 1 2 im^-t 

^. Z(OXol,zLX. H4c0j:d^:'Vxn«^FET;^- 
Ml? its. 

[0023] a5J±2|s^0|«OnJgI nGaAs^-v-y 
r®4 9t/>'K-n nA 1 AsA.y7r«4 liOS 
fcfc»tS^=^n7r-f;PiS:^ (HIS) . f^ffl<^ 
•Cji^7tJ:3t. I n (Al Ga) AsKI^ZKDdf^r 
>y7*l) «I nA 1 As« (|g-<0^^ -yT"®) J: 
7««:>J*«;^#<. I nGaAsS (S|H<0=^f^'•y7• 
^^tiiB^x/u nt^zjn^^ -y rJi*«*Hr^«e* 

[0024] 06 {±2|siai0itfcv^T . -y r 

® 4 7 OffiW^ ^x. Jt i: # coSfflfcfcft 6 y y rn ^ S! 
ftHSff^ (PC ) (ry^^^^-t Km.) . mv^Ltz 
COim~<D^^r -y rfl<?)*|V^fie*SffiCfc<->T n)g I n 

A 1 A s«9 7<7)fmf:^x.tit^(Di^Mix'hh. m— 

t„ *«10niiiI3LJi-C(i-SffltCfe*rt&. PC coa/jNffi$S50 



^{i(J!*S«T{il . 4X1 O-eQcmi! Xh-^itffyifi. * 
fIHgtCiiltfS. 5xlO-7Qcin2 i:»«;6 0%fiTLT 
_\Xh.---)j. V-V-H— 7= I-nGa-A-sf-^it^;Hfcfctt 

4 i/- A- u ri6S{4<i>rfLco«jg-et) to mmzn 

LTIUS-^fcfiyifL (~3. 6X10iVcin2 ) . 

zti)-t^. ^mmmTiirs ^mm^ithnt^Kyy 

ro^:t-5 y^'««t:iJftSpc i&-«fijrc§. « 
^cO^^lttSrflQrr^l.. yyH-TInAl 

A s«4 6±i,zy- hwm^m&-t?>tzi!t>y- biSEt 

[002 5] (mE-commm) mni^^izxtFE 

s. I. inpa«. 7Hi/^y7rmi:m^-thyy 
K-r I nA 1 As®. 7 2{4^^^^;^as^lg^-rl.y 

:^K-n nGaAsS. 7 3«X'>^— tf«i&ffl«-f i. 
yyH-ri nAl As®. 7 4{4S irp— tH-r 
«. 7 SliS^ttl&lSrfilBg-ri. njg I nA I As®. 
7 6 3 >y h ^-® ?r««-t S y y H -7* I n A 1 A 
s®. 77. 78. 7 9ii^^yrmXh*). nB 
I nA 1 As® (^— CO^-V-yT®) . nj^l n (A 1 
Ga) Asffl^:5^P-r-f -xF® (m-CO^^ yr 
®) . nJglnGaAs® dgZW^A- yT® ) izXr> 
Xm&^tlh. lis. 1 1 D. 1 2(4#'<?y-xm 

linjgl nAl As4f-fr-yr®7 7i:njei nGaAs 
^A'-yr®7 9C0*ffit:nJgI n (Al Ga) Asffl^ 
jJ'U-T >y H®7 8 Srif ALfeClt-CftS . 
[ 0 0 2 6 ] i<0<k d =5r'^ToS?^F E TimT<r>X a 
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#m^8-55979 



1 0 



•■■200nii, 



( 1 00) S. I . I nPffiKl 0* 

yv-F-TI nAl AsfflTl 

yyK-TI nGaAsa72 •■•40niD. 

yyH-TI nA 1 AsB7 3 --Snm. 

SiTl^— tH— T®7 4 (i^-higJg5X 1 OiVcm^ ) 

n?gl nA 1 Asa7 5 (^*fi!|feiiS2Xl 018/ctf ) - 1 5nm, 

yyF-n nAl Asii7 6 -•20ni. 

nJglnAl As«77 (:pt4!|?!l?@S5X10i8/ctf ) -201111. 

njgin (Aly Gai-y ) As«48 (y=1^0) ( ^FttlSsjUg 5 X 1 0 
i8/c# ) •••5nm» 

nj^l nGaAsa7 9 (^ttifeiiSSXl 0»«/ctf ) ••■20niii. 



20 



30 



[0027] (KC, njgl nGaAsa7 9±C0«;t{f 
AuGe/Ni/Au^: i:'<^)^il^ CI fc t J: 0 

y->?.mgi ISfcKV-fymffil ID^Jg^S, $ 
^>fc. y-xSSii 1 St KU-fySffil iDti-^T 

S-X y^vmi-tSClfct.tOyi'K-TI nA 1 A 
sfl7 6^MS:SaiL, «?lli.JfT i/P t/Au^Srt'cO 
.1 1 1 J: oT ir'- i 2 S-JBfiK-T 
CKOidtfC. 07<OJ;d^A.TOgf^FET3&« 

10 0 2.8 1 08 ii:^^m<7) n1B l-n G a A s # -v •/ 
n7 9t/>'K-n nA 1 AsA.y7rS7 ICOS 

idt. I n (A Ir Gai-y ) As«78 (^—(0^ 

^ v-rm) (r>A 1 m&]tyiim~<7)^-f y-rmv va^t, 

mE.(7)^^ y 7 9 {C[6j*»-?T 1 *»^> 0 iZ^^ izmi'- 

]SJi(a!*fl|jfefc»Jffl^^-C, i^-hfiSi (rs ) tJJJJ 
HHggi:^ (Pc ) s— ^^^co^^tss-® 

tfc. /yH-TI nAl As«7 6±K>-' 

[00 291 mE.ffmSS.m^iinmi n (Aly Ga 
) Asm7 8ffym.y^'Jmiz^it^^ifi. i 
n (Al, Gai-, ) As^i:LT. ft 

[0030] Ja±<O»S0||T-<i. LT S i 

s<on}gi nA 1 Asm-cm^mtxi>j:\-\ tfz. a 
ti>—m<DSi-ru—rv—-rm^^tsi nA i as© 

[00 31]*/^. I nGaAsa<^affi^«I nPS$50 



58ffi«{C*S^S^f I no.53Gao.47AsT*<XtfJ:V> 
09;t»f , I n G a A s f-v ;^;^®■^H<0^^ >y 7 
St LT I no.53tiGao.47-iAs (-0. 53<x< 

0. 47) ma^imLziiX\>^. mm^z. inAiA 

s«c7«fifflj£{il nP^tlfr?S^^S I no. 52 A 
lo.48As-CJbit{f iV^*^. <!:)h.t> I no.52*iA 1 
0.48-zAs (-0. 52<z<0. 48) SMTh-yX 

[0032] 

[fKfl^T^*] ULh«i¥iffl=5riJiBB*»^>BH/^3{p^:J: o tz. 
^^^JiizXtiH. I nAl As/I nGaAs^OA.^ 
D^FETfctJV^T^A-yraSrnJgl nAl As® 
*»^.^rl.||-<^-v-/-7'lv-m£I<0^f "yre. -njg I 
n A 1 A s l*»/i>^SmH<Odf >y r®^0H®18Jtf:■t 
S C i: ttS 0 . >y rai!Lffl-c<7);jfx:^i^^;i'>'N't»'^ 

%i3Xxm'm&<0^^j:hlPl±mt^tz^j:i> . 
[HI ] *^tJ:S'vxogf^FETiom-«oiafe^ 

im2} ^^izx?>^7-o^FET(Dm-'<omim 
iz}5ni>:i<7-yi^^fw<y Ymrcs>i>, 
im3]^^izx?,^Tr3nt^FET<om-<r>miLm 
izi5mmfms!im<r>nmi nA lAs^-ryrmmm 

[04] :^wM^zxh^7■om^FET(om-(Dmim 

40 [051 J:l.^ruSf^FET<^||-0^«?ll 

[06 ] *||HBCJ:&'^xo^FET<^^-cO||it0ll 
fc:J3(tS«li!l^^n?gI nA 1 A s^A- -yTaWtS 

[07] *5^tJ:S>\TO«^FET«omH«||Sfif?ll 

[081 *^tcJ:a^7^n^FET<7)^Hc7)||iis{?il 

[0 9 1 l^Jt^lc J: S^ra^^ 



aFETc7)lijS0rS) 
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!^m^8-5 597 9 



1 1 

1. 3. 6. 41. 4 3. 46. 71. 73. 76. 9 

1. 93. 96 yyH-7*I nAl Asa 

2. 8.42.72. 92 y^K-ri nGaA sS 
4. 4 4. 74. 94 S i 7'^-i-K-e>'^^Ji 
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5. 7. 45. 47. 75. 77. 95. 97 n)gl 
nA 1 AsM 

9. 49. 79. 99 n?gl nGaAs® 

10 S. I. InPa« 

lis. 1 ID :t-Attmfii 

12 i^3-yh^-mfi6 

48. 78 njgl nA 1 GaAsS 
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f^78lhfclAIQkiAs7tr7''f^Ffl g, -N- 



10:8J.UtPW 
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